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Descripti n 

FIELD OF THE INVENTION 

[0001] This invention relates to Coriolis Flowmeters 
having flow tubes employing the use of fibers and com- 
posite materials to control flow tube vibrational charac- 
teristics including an increase in resistance to internal 
pressure as well as the flexibility of the flow tube walls. 

PROBLEM 

[0002] Vibrating tube Coriolis mass flowmeters tradi- 
tionally comprise of one or more metal tubes (hereinaf- 
ter tubes) through which material flows. These tubes are 
vibrated at their resonant frequencies to subject the 
flowing material to the Coriolis acceleration required to 
determine material mass flow rate and other informa- 
tion. Coriolis acceleration is achieved by subjecting the 
flowing material to an alternating angular velocity about 
a center axis of rotation. The Coriolis acceleration of the 
material is proportional to the flow tube vibration fre- 
quency, amplitude, and the material mass flow rate. The 
flow tubes are thereby subjected to a force proportional 
to the mass flow rate of the material and the vibration 
frequency. This force causes the tubes to deform so that 
any two points along a vibrating tube exhibit a phase 
difference that is used to determine the material mass 
flow rate within the tubes. 

[0003] Flow tubes of Coriolis flowmeters have dual 
functions that impose conflicting requirements. The first 
function is that of material containment. The flow tubes 
must be strong enough to withstand the internal pres- 
sure of the flowing material. In many industrial applica- 
tions this pressure can exceed one thousand pounds 
per square inch. Flow tubes having thick walls are re- 
quired in such applications to withstand these high pres- 
sures. 

[0004] The second function of the flow tubes is that 
they must be flexible so that they can readily respond to 
the generated Coriolis forces. The usefulness and sen- 
sitivity of a Coriolis mass flowmeter is dependent upon 
its ability to measure mass flow rates for a wide range 
of materials over a wide range of flow rates. A flowmeter 
should be able to function at low flow rates with materials 
having low densities such as gasses and low density 
fluids. A flowmeter can only do this if its tubes are flexible 
and deform in a predictable manner as in response to a 
wide range of applied Coriolis forces. A stiff flow tube 
that is optimized for high pressure material containment 
has poor flexibility and poor sensitivity to the measure- 
ment of material flow. This renders it unsuitable when 
the mass flow rate of material having a low flow rate or 
a low density is to be measured. Contrariwise, a flowm- 
eter having thin flexible tube walls optimized for use with 
low density materials such as gasses or for low flow 
rates is unsuitable for use in containing high internal 
pressure. 
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[0005] Another problem of Coriolis flowmeters is their 
need for frequency separation between desired and un- 
desired vibrational modes. Flow tubes (and the material 
therein) are vibrated at their resonant frequency to im- 

5 part Coriolis acceleration to the flowing material. The 
material flow rate is derived by measuring the phase (or 
time) delay at a resonant frequency between two points 
on a single flow tube or between corresponding loca- 
tions on a pair of flow tubes. It is important that the flow 

10 tube vibration be a pure sinusoidal function (with time) 
and that no other natural frequencies be present that 
are near the driven resonant frequency or near integer 
multiples of the resonant frequency. Extraneous natural 
frequencies can be excited by the drive frequency or by 

is external ambient sources of vibration. These can gen- 
erate undesired modes of vibration that cause flow tube 
deformations unrelated to the applied Coriolis forces. 
This can cause noisy and erroneous signals to be pro- 
duced which interfere with the signal to be measured. 

20 This can degrade the accuracy of the derived mass flow 
rate information. 

[0006] Vibrational frequency separation is traditional- 
ly achieved through the geometric design of the meter. 
Frequencies can be raised by shortening, stiffening, or 

25 reducing the mass of the vibrating members. Converse- 
ly, they can be lowered by performing the opposite. Un- 
fortunately, there are some vibration modes that tend to 
track the driven mode. For instance, a flow tube that is 
bent into the shape of a "U" and is fixed at its ends is 

30 often driven in a vibration mode that is perpendicular to 
the plane of the legs of the "U". This drive mode is called 
the out-of-phase bending mode. One possible unde- 
sired vibration mode that occurs in the plane of the "LT 
is known as a lateral mode and it has a vibrational fre- 

35 quency very near to that of the desired drive mode. 
Changing the mass, length, or stiffness of the U-shaped 
flow tube moves the frequencies of both the desired and 
undesired vibration modes in unison and has little im- 
pact upon the separation of the frequencies of the de- 

40 sired and undesired modes. 

SOLUTION 

[0007] The present invention solves these problems 
45 and achieves an advance in the art by the provision of 
Coriolis flow tubes employing anisotropic materials such 
as fiber reinforced composites. Anisotropic materials 
are those whose mechanical properties vary with direc- 
tion within the material. Modern composites can be 
50 made anisotropic by orienting strengthening fibers pref- 
erentially in one direction. The material will then have 
both a higher modules of elasticity (stiffness) and a high- 
er tensile strength in that one direction. 
[0008] The problem of containing high pressure ma- 
55 terial while providing sufficient flow tube flexibility for 
high Coriolis sensitivity is solved by orienting the major- 
ity of fibers of a composite flow tube in a circumferential 
orientation. The stress caused by internal pressure in a 
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flow tube is twice as high in the circumferential direction 
(hoop stress) as it is in the axial direction. The bending 
stresses caused by the tube vibration are in the axial 
direction, but are by design much lower than hoop stress 
caused by pressure. Providing fibers primarily oriented 
in the circumferential direction results in a flow tube able 
to withstand greater pressure than a conventional iso- 
tropic flow tube but having good sensitivity to Coriolis 
forces. 

[0009] The problem of frequency separation is also 
solved by the selective orientation and placement of fib- 
ers of the composite tube. When a tube is bent, the ma- 
terial on the convex side of the bend is stressed in ten- 
sion while the material on the concave side of the tube 
is stressed in compression. There exists a region be- 
tween the tensile and compressive stresses where the 
stress is zero. This region is the neutral plane of the 
tube. Placing stiffening fibers in the stressed regions 
parallel to the tube axis raises the tube natural frequency 
while placing fibers along the neutral axis has little ef- 
fect. Thus, the problem of lateral mode vibration is easily 
solved by orienting fibers in the axial direction along the 
drive mode's neutral plane. This is also the lateral 
mode's region of highest stress. This placement does 
not raise the frequency of the drive mode or the flow 
tube's resistance to Coriolis forces; but it raises the lat- 
eral mode frequency and better separates the frequency 
of the lateral mode vibration from that of the drive mode. 
[0010] Shifts in the frequencies of other vibrational 
modes are also achieved by the selective placement of 
fibers. In general, for a given mode, placement of fibers 
in the area of peak stress and oriented in the direction 
of the stress raises that mode's frequency. 
[001 1 ] Fiber reinforced composite products are man- 
ufactured in several ways. The most common methods 
are injection molding and extrusion. In both of these 
methods short fibers are mixed with molten matrix ma- 
terial which is then injection molded or extruded. The 
fibers are generally oriented parallel to the direction of 
flow of the defined material. In the case of an extruded 
flow tube, the fibers primarily have an axial orientation. 
This would not always suit our purpose. It does not raise 
the pressure containment rating of the tube because few 
fibers are in the circumferential direction. It also raises 
all bending frequencies equally. 
[0012] The methods of manufacture that lend them- 
selves to the precise placement of fibers in the flow tube 
wall all utilize an inner mandril. Fibers and matrix mate- 
rial are applied to the surface of the mandril. The mandril 
can either consist of a hollow tube which is left in place 
or a removable mandril. One method of fiber placement 
involves the use of prepregs. This term describes sheets 
of fiber (either unidirectional, bidirectional, or woven into 
cloth) which are impregnated with matrix material. 
These can be cut and oriented on the mandril. Baking 
fuses the sheets of prepreg together. 
[0013] There also exists a continuous filament wind- 
ing method. This involves winding a continuous filament 
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(either a single fiber, multiple fibers, a yarn, or a prepreg) 
around a mandril. Machines can automatically wind fil- 
aments around complex shapes. Once the filament is in 
place on a flow tube or mandril, it is either coated with 
5 a liquid matrix material such as epoxy, or in the case of 
prepreg filament, it is baked. The solidified matrix ma- 
terial then holds the fibers in place. The filament winding 
method is ideal for the reinforcement of a flow tube in 
the circumferential direction. The mandril over which it 
10 is wound can be either removable, an extruded compos- 
ite flow tube, or a thin walled metal flow tube of a corro- 
sion resisting material such as stainless steel. Prepreg 
unidirectional tape can be placed between successive 
layers of wound filament so as to provide additional stiff- 
15 ness for the flow tube in the axial direction in strategic 
locations. Prepreg unidirectional tape can also be glued 
or otherwise affixed to the outer surface of a flow tube 
to provide either a circumferential or an axial fiber ori- 
entation. 

[0014] A hollow tube mandril has the advantage that 
it can consist of metal such as stainless steel, tantalum, 
or zirconium which is known for its corrosion resistance. 
It can thus serve as a corrosion resistant liner for the 
composite flow tube. The mandril tube wall can be thin 
so as to allow large response to the Coriolis forces while 
the tube's composite layer's circumferential fibers con- 
tain the internal pressure stresses. The tube mandril can 
also be of a non-metal material such as teflon for ex- 
treme sensitivity to flow while still retaining good corro- 
sion resistance and pressure capability. 
[001 5] The mandril can also be removable leaving the 
flow tube without a liner. The corrosion resistant nature 
of many of the matrix materials make this adequate for 
many fluids. For a straight tube, the removable mandril 
(core) can be pulled out the end of the finished tube, but 
for curved tubes the core has to be removed by other 
means. The investment casting industry commonly us- 
es removable cores made of special waxes that are 
strong yet can be melted out with hot water. These wax 
cores are usually made by injection molding. 
[0016] The selective use of these materials as above 
described provides a Coriolis flow tube structure that 
overcomes the problems of the prior art and that 
achieves a high flowmeter sensitivity and a capability of 
accommodating higher material pressures. 

DESCRIPTION OF THE DRAWINGS 

[0017] 

Figure 1 discloses a straight flow tube. 
Figure 2 discloses a bent flow tube. 
Figure 3 discloses drive mode deflections of U- 
shaped flow tubes of a Coriolis flowmeter. 
Figure 4 discloses lateral deflections of U-shaped 
flow tubes of a Coriolis flowmeter. 
Figure 5 discloses axially oriented fibers on the front 
and rear surfaces of the legs of U shaped Coriolis 
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flow tubes. 

Figure 6 discloses axially oriented fibers on the 
sides of the legs of U shaped Coriolis flow tubes. 
Figure 7 discloses axially oriented fibers throughout 
the entirety of U shaped tubes of a Coriolis flowm- 
eter. 

Figure 8 discloses circumferentially oriented fibers 
throughout the entirety of U shaped flow tubes of a 
Coriolis flowmeter. 

Figure 9 discloses Coriolis flow tubes having both 
axially and circumferentially oriented fibers. 
Figure 10 discloses a straight flow tube having cir- 
cumferentially oriented fibers. 
Figure 11 discloses a flow tube having axially ori- 
ented fibers. 

Figure 12 discloses a flow tube having both axially 
and circumferentially oriented fibers. 
Figure 13 discloses a flow tube having fibers orient- 
ed into a double helix. 

Figure 1 4 discloses a flow tube having a circular in- 
terior and an oval exterior. 
Figure 1 5 discloses a flow tube having a circular in- 
terior and a rectangular exterior. 
Figures 16 through 18 disclose flow tubes having 
irregularly shaped interiors and exteriors. 
Figures 1 9 and 20 disclose flow tubes containing 
embedded fibers. 

DETAILED DESCRIPTION 

Descriptions of Figures 1 and 2 

[0018] Figure 1 illustrates the stresses that may be 
induced in a straight tube 101 having a pressurized in- 
terior portion 104. This interior pressure generates a ra- 
dially oriented force 102 on side wall 106. Force 102 
tends to push tube wall 106 outward and generates cir- 
cumferential stress 107. The internal pressure can also 
generate an axially oriented stress 103. Circumferen- 
tially oriented stress 1 07 is approximately twice that of 
the axially oriented stress 103 for a given internal pres- 
sure. 

[0019] Figure 2 illustrates stresses that can be in- 
duced in tube 1 01 when it has bending loads L1 , L2 and 
L3 applied to it. When the ends 105 and 1 06 of tube 101 
are bent downward by L1 and L2 on Figure 2, and up- 
ward by L3, tensile stress 203 is induced in the portion 
of the tube above the center plane 204 while compres- 
sive stress 202 is induced in the lower tube portion. Ten- 
sile stress 203 varies in magnitude from zero at the cent- 
er (neutral) plane 204 to a maximum at the upper pe- 
riphery of tube 101. Compressive stress 202 varies in 
magnitude from zero at center plane 204 to a maximum 
at the lower extremity of the tube 1 01 . 
[0020] The force 1 02 and stress 1 03 caused by the 
internal pressure of tube 101 are not shown on Figure 
2. However, if the tube of Figure 2 is pressurized and 
bent, then both the pressure generated stresses 107 



and 103, as well as the bending generated stresses 202 
and 203, are present in the tube. 

Description of Figures 3 and 4 

5 " ~ """ 

[0021 ] Figure 3 discloses the deflections to which the 
flow tubes of a typical Coriolis flowmeter are subjected 
when in use. Flow tubes 308 and 309 are fixed at their 
lower leg extremities to circular faces of member 306 

10 and 307 comprising a portion of the flow tube manifold 
302. When in use, inlet flange 303 and its opening 304 
are affixed by holes 31 3 and bolts (not shown) to a sup- 
ply conduit (not shown) while outlet flange 305 is con- 
nected by bolts through holes 31 4 to an exit conduit (not 

15 shown). When in use, flow tubes 308 and 309 are de- 
flected out of phase with respect to each other inwardly 
and outwardly along the direction of arrow 31 2. This de- 
flection is generated by a driver similar to driver D shown 
on Figure 5. This deflection causes the flow tubes to 

20 bend about a pivot point at surfaces 306 and 307 where 
their lower leg ends are attached to circular surfaces 306 
and 307. 

[0022] Flow tubes 308 and 309 assume an undetect- 
ed position as represented by their solid lines and a de- 

25 fleeted position as shown by their dotted lines 310 and 
311. The deflections of flow tubes 308 and 309 are 
termed the out-of-phase bending mode. The flow tubes 
must not be unduly stiff in their lower leg portions. If they 
were they would be unable to generate sufficient deflec- 

30 tions in response to Coriolis forces for the flowmeter to 
perform its measurement functions. The measurement 
functions of the Coriolis flowmeter and its flow tubes 308 
and 309 are performed by a left and a right sensor such 
as elements RS and LS of Figure 5. These sensors, in 

35 a well known manner, detect the relative velocity of the 
two flow tubes with respect to each other. The phase 
difference of this velocity signal is proportional to the 
generated Coriolis forces and, in turn, to the flow rate of 
the material in the flow tubes. 

40 [0023] Figure 4 discloses the Coriolis flow tubes of 
Figure 3 being subjected to lateral deflections in the di- 
rection shown by arrow 322. The solid line represents 
the normal and desired position of flow tube 309. Dotted 
line 310 represents one extremity of the undesired lat- 

45 eral vibration mode of flow tube 309. The out of phase 
bending deflections of Figure 3 are a desirable vibration 
mode of the flow tubes. The lateral vibration mode of 
Figure 4 is undesired and produces no useful informa- 
tion. This lateral vibration mode is induced in the flow 

so tubes by undesirable factors such as noise and vibra- 
tions to which the Coriolis flowmeter 302 may be sub- 
jected to when in use. 

DESCRIPTION OF FIGURE 5 

55 

[0024] The embodiment of Figure 5 is similar to that 
of Figure 3 except that the lower, front and rear (not 
shown) surfaces of legs 501 through 504 are covered 
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with or include axially oriented fibers 506 through 509 
extending from the lower extremities of the legs upwards 
along the length of the legs to a location proximate sen- 
sors LS and RS. The left legs 501 and 502 are covered 
on their front and rear surfaces with axially oriented fib- 
ers 506 and 507. Right legs 503 and 504 are covered 
on their front and rear surfaces with axially oriented fib- 
ers 508 and 509. 

[0025] The axially oriented fibers 506, 507, 508 and 
509 and the fibers (not shown) on the rear leg surfaces 
impart a stiffness to the legs. This increased leg stiffness 
raises the resonant frequency of flow tubes 308 and 309 
for the out-of-phase bending (drive) mode. This in- 
creased resonant frequency is sometimes desirable to 
provide increased frequency separation between the 
drive frequency and the frequency of vibration generat- 
ed by undesirable ambient conditions in which the flow- 
meter is operated such as frequencies generated by 
pumps, adjacent machinery and even the 50/60 Hz of 
AC power. 

DESCRIPTION OF FIGURE 6 

[0026] The embodiment of Figure 6 is similar to that 
of Figure 5 in that flow tubes 308 and 309 have side legs 
501 , 502, 503 and 504. The left side legs 501 , 502 are 
embedded with or include axially oriented fibers 601 and 
602 on their left side in addition to axially oriented fibers 
on their unseen right sides. The right side legs 503, 504 
are formed with axially oriented fibers 603 and 604 on 
their left side as well as unseen fibers on their right sides. 
The axially oriented fibers of Figure 6 increase the stiff- 
ness of the flow tube to lateral movement of the type 
shown in Figure 4, but do not substantially increase the 
stiffness of the side legs with respect to out-of-phase 
bending deflections of the type shown in Figure 3. Thus, 
the embodiment of Figure 6 provides a flow tube struc- 
ture that has increased lateral vibration frequency but 
that does not affect the vibrational frequency for out-of- 
phase bending. The fiber placement shown in Figure 6 
can increase the frequency separation between the 
drive and lateral deflection modes. 

DESCRIPTION OF FIGURE 7 

[0027] Figure 7 discloses a pair of substantially U- 
shaped flow tubes 308 and 309 having axially oriented 
side leg fibers 701 and 702, top portion fibers 703 and 
704, and right side leg fibers 705 and 706. These axially 
oriented fibers surround the entirety of flow tubes 308 
and 309 and provide increases the stiffness to the flow 
tubes for ail modes of vibration including the out-of- 
phase bending mode of Figures 3 and 5 as well as the 
lateral vibrational mode of Figure 4. This configuration 
also increases the stiffness of the flow tubes with re- 
spect to the desired Coriolis forces generated in re- 
sponse to material flow through the tubes as they are 
vibrated. This increased stiffness is sometimes desira- 
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ble to provide a higher drive frequency as well as to fine 
tune the operational frequencies of the flow tubes to 
controilably separate the desirable operational frequen- 
cies from the undesirable frequencies imparted by 
5 noise, surrounding machinery, etc. 

DESCRIPTION OF FIGURE 8 

[0028] Figure 8 discloses flow tubes 308 and 309 cov- 
10 ered in their entirety by fibers 807, 808 circumferentially 
oriented with respect to the longitudinal axis of the flow 
tubes. The circumferential orientation of the fibers has 
a limited effect on the stiffness of the tubes with respect 
to any type of bending. The main purpose served by the 
15 fibers 807, 808 is to increase the capability of the walls 
of flow tubes 308 and 309 to contain higher internal pres- 
sures than would be the case for a flow tube of the same 
wall thickness but not containing the circumferentially 
oriented fibers. This enables flow tubes to be used that 
20 have thin flexible walls and enhanced sensitivity to the 
Coriolis forces. Since the circumferentially oriented fib- 
ers 807, 808 have only a limited effect on bending stiff- 
ness, flow tubes 308, 309 have a high flexing capability 
while being able to contain higher internal pressures. 

25 

DESCRIPTION OF FIGURE 9 

[0029] Figure 9 discloses a pair of U-shaped flow 
tubes 308 and 309 whose left side legs 901 and 902 and 
30 right side legs 905 and 906 have axially oriented fibers 
909, 910 and 913, 914. The entirety of tubes 308 and 
309 include circumferentially oriented fibers 907, 908 
and 917, 918. 

[0030] The axially oriented fibers stiffen the side legs 
35 for lateral bending as shown for the embodiment of Fig- 
ure 6. This raises the resonant frequency of the flow 
tubes for lateral bending mode vibrations. The circum- 
ferentially oriented fibers provide a pressure contain- 
ment enhancement function and a limited amount of in- 
*o creased stiffness. 

DESCRIPTION OF FIGURE 10 

[0031] Figure 10 discloses a substantially straight 
45 flow tube structure 1000 whose outer surface 1001 in- 
cludes multi -layer circumferentially oriented fibers 1004. 
Fibers 1004 provide increased pressure containment 
and a limited increased rigidity to the structure. A flow 
tube 1000 of increased sensitivity and increased side 
so wall flexibility is achieved by making the inner sleeve 
1 005 thin to achieve the desired flexibility. The layers of 
circumferentially oriented fibers 1004 affixed to sleeve 
1005 provide a pressure containment function. If the in- 
ternal pressure is relatively low, a single layer of fibers 
55 1 004 may suffice. Additional layers may be added to ac- 
commodate higher internal operating pressures. Fibers 

1 004 may either be affixed to the outer surface of sleeve 

1 005 or may be embedded in an outer layer comprising 
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fibers 1004 and a suitable matrix material such as a 
clear glue. 

DESCRIPTION OF FIGURE 11 

[0032] Figure 11 discloses a flow tube 1100 having a 
left end portion 1 1 04, walls 1 1 05 and axially oriented fib- 
ers on the front and rear surfaces 1101 of the tube. The 
fibers on the rear portion of tube 1101 surface are not 
shown. The side walls 1105 alone provide a limited 
amount of resistance to a bending or deflection of the 
type shown in Figure 2 in a direction as indicated by ar- 
rows 1106 and 1107. Fibers 1102 increase the side wall 
stiffness and thereby increase the resonant frequency 
of the tube in the direction perpendicular to the plane of 
the fibers 1 1 02. Fibers 1 1 02 may either be affixed to the 
outer surface of wall 1105 or may be embedded in an 
outer layer comprising fibers 11 02 and a suitable matrix 
material. 

DESCRIPTION OF FIGURE 12 

[0033] Figure 1 2 shows a flow tube 1 201 having a side 
wall 1 205 and an end portion 1 204 having axially orient- 
ed fibers 1 202 and circumferentially oriented fibers 1 203 
affixed thereto. Side wall 1 205 of tube 1 200 provides an 
increased resistance to bending by an amount related 
to the thickness of the side walls. Side wall 1205 alone 
also provide a pressure containment function by an 
amount related to the thickness of the side wall and the 
material comprising the side wall. Additional pressure 
containment is provided by circumferentially oriented 
fibers 1 203 which may include as many layers as may 
be desired to accommodate the expected working pres- 
sure to which tube 1 200 is subjected. The axially orient- 
ed fibers 1202 impart an increased bending stiffness to 
the tube in a direction perpendicular to the plane of the 
fibers 1202. Fibers 1202 do not affect the flexibility of 
tube 1200 in so far as concerns bending in an up and 
down motion as shown on Figure 12. However, fibers 

1202 provide significant increased rigidity and resist- 
ance against tube bending in a direction perpendicular 
to the front and rear tube surfaces containing fibers 
1 202. The fibers on the back side of tube 1 200 are not 
shown in Figure 12. Fibers 1202 and 1203 may either 
be affixed to the outer surface of flow tube 1 201 or may 
be embedded in an outer layer comprising fibers 1202, 

1203 and a suitable matrix material. 

DESCRIPTION OF FIGURE 13 

[0034] Figure 1 3 shows a flow tube 1 300 having a left 
end portion 1 303 and a side wall 1302. Surface 1301 of 
the side wall includes or is covered with helically orient- 
ed fibers 1 304 and 1 305 comprising a double helix. The 
helically oriented fibers include a component in the cir- 
cumferential direction as well as a component in the ax- 
ial direction. Therefore, depending upon the angle of the 



helix, the fibers provide a pressure containment function 
due to their circumferential component as well as a stiff- 
ening function due to their axial component. The mag- 
nitude of the pressure containment function and the stiff- 
5 ening function can be controlled by the angle of the helix. 
This double helix prevents pressure or bending stresses 
from causing the tube to twist. 

DESCRIPTION OF FIGURES 14 THROUGH 18 

10 

[0035] Figures 1 4 through 1 8 illustrate other flow tube 
configurations to which the principals of the invention 
may be applied. Figure 1 4 illustrates an oval flow tube 
1401 having a solid wall 1402 and a circular interior 

15 cross section 1 403. Figure 1 5 illustrates a rectangular 
flow tube 1501 having a solid wall 1502 and a circular 
interior 1 503. Figure 1 6 discloses a flow tube 1 601 hav- 
ing an irregular shaped exterior having a solid body por- 
tion 1602 and a circular interior 1603. 

20 [0036] Figure 17 discloses a flow tube 1701 having 
an irregular exterior wall portion 1702 and a hollow cent- 
er 1 703 having a width greater than its height. The flow 
tube on Figure 18 is similar to that of Figure 17 in that 
its external configuration of flow tube 1801 is irregular, 

25 it has a solid wall 1 802 and an irregularly shaped hollow 
interior 1803 whose width is greater than its height. 
[0037] Flow tubes 1701 and 1801 may be used with 
strain gauges 1 704 and 1 804 to measure their internal 
pressures. The operation is such that as the internal 

30 pressure increases, the height of the interior portion of 
the flow tubes expands and stresses the flow tube wall 
portions immediately above and below interior portions 
1 703 and 1 803. Strain gauges 1 704 and 1 804 affixed to 
the flow tube walls detects the stress created by the 

35 walls deformation and generate output signals indica- 
tive of inner pressure. Wall elements 1 702 and 1 802 are 
advantageously geometrically designed so that the hol- 
low interior 1 703 and 1 803 gradually approaches a cir- 
cular shape, and the measured strain gradually increas- 

40 es with increasing internal pressure. 

DESCRIPTION OF FIGURES 19 AND 20 

[0038] Figure 19 discloses a flow tube 1900 having 
45 an outer layer 1 901 whose outer surface is 1 902. Flow 
tube 1900 further includes an inner layer 1904 and an 
interior 1905 through which material flows. Outer layer 
1901 has circumferentially oriented embedded fibers 
1903 to provide increased internal pressure contain- 
50 ment capabilities of flow tube 1 900. Element 1 906 is the 
inner surface of layer 1 901 and the outer surface of layer 
1904. 

[0039] Figure 20 discloses a straight flow tube 2000 
having an outer layer 2001 whose outer surface is 2002. 
55 The center portion of the flow tube through which mate- 
rial flows is 2005. Outer layer 2001 has fibers 2003 em- 
bedded parallel to the longitudinal axis of flow tube. 
[0040] Figu re 1 2 shows a flow tube having embedded 
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fibers that are circumferentially oriented as shown in 
Figure 1 9 as well as longitudinally oriented as shown in 
Figure 20. 

[0041] It is to be expressly understood that the 
claimed invention is not to be limited to the description 
of the preferred embodiment but encompasses other 
modifications and alterations within the scope of the in- 
ventive concept. For example, the principals of the in- 
vention are applicable to flowmeters having flow tube 
configurations of any type including straight, curved, U- 
shaped, V-shaped, irregular shaped, as well as the spe- 
cific configurations disclosed herein. The principals of 
the invention are not limited to round flow tubes. They 
are equally applicable to flow tubes having a rectangu- 
lar, triangular, or irregular shape. 



Claims 

1 . Flowmeter apparatus having flow tube means for 
receiving flowing material, said flow tube means be- 
ing vibrated by a driver in a drive direction when in 
use and being deformable in response to material 
flow while being vibrated in said drive direction, said 
flow tube means comprising a hollow member pro- 
vided with fibers oriented with respect to a longitu- 
dinal axis of said flow tube means to controllably 
alter selected vibrational characteristics of said flow 
tube means, 

CHARACTERIZED IN THAT said fibers are 
circumferentially oriented with respect to the longi- 
tudinal axis of said flow tube means, and/or are 
aligned helically with respect to the longitudinal axis 
of said flow tube means, and/ or are oriented paral- 
lel to said longitudinal axis of said flow tube means 
on a high bending stress portion of said flow tube 
means with respect to vibrations of said flow tube 
means in said drive direction. 

2. The apparatus of claim 1 wherein said fibers are cir- 
cumferentially oriented with respect to the longitu- 
dinal axis of said flow tube means and are effective 
to increase the internal material pressure contain- 
ment capability of said flow tube means. 

3. The apparatus of claim 1 wherein said fibers posi- 
tioned on a high bending stress portion of said flow 
tube means with respect to said drive direction vi- 
brations are oriented parallel to said longitudinal ax- 
is of said flow tube means to alter the vibrational 
characteristics of said flow tube means in said drive 
direction. 

4. The apparatus of claim 1 wherein said hollow mem- 
ber is cylindrical. 

5. The apparatus of claim 1 wherein said hollow mem- 
ber comprises composite anisotropic material hav- 



ing said fibers embedded in a matrix material. 

6. The apparatus of claim 5 wherein said fibers are ori- 
ented parallel to said longitudinal axis of said flow 

5 tube means to alter the vibrational characteristics 
of said flow tube means in said drive direction. 

7. The apparatus of claim 6 wherein said fibers are 
uniformly positioned with respect to the length of 

10 said flow tube means. 

8. The apparatus of claim 6 wherein said fibers are 
non uniformly positioned along the length of said 
flow tube means to controllably alter the vibrational 

15 characteristics of only a portion of said flow tube 
means in said drive direction. 

9. The apparatus of claim 5 wherein said fibers are 
aligned circumferentially with respect to said longi- 

20 tudinal axis of said flow tube means; 

said circumferentially oriented fibers being ef- 
fective to increase the internal pressure contain- 
ment capability of said flow tube means. 

25 10. The apparatus of claim 9 wherein said flow tube 
means further comprise fibers oriented parallel to 
said longitudinal axis of said flow tube means; 

said axially oriented fibers are positioned on 
high bending stress portions of said flow tube 

30 means to controllably stiffen in said drive direction 
the portions of said flow tube means to which said 
axially oriented fibers are affixed and to raise the 
vibrational frequency of said flow tube means in 
said drive direction. 

35 

11. The apparatus of claim 1 wherein said fibers are 
aligned helically with respect to said longitudinal ax- 
is of said flow tube means to control the material 
pressure containment and vibrational characteris- 

40 tics of said flow tube means. 

1 2. The apparatus of claim 1 wherein said hollow mem- 
ber comprises: 

45 an inner sleeve; and 

an outer sleeve formed of composite anisotrop- 
ic material containing said fibers. 

13. The apparatus of claim 12 wherein said fibers are 
so embedded in or affixed to an outer surface of said 

outer sleeve. 

1 4. The apparatus of claim 1 3 wherein said inner sleeve 
(1005) is formed of a solid material. 

55 

15. The apparatus of claim 14 wherein said inner sleeve 
is metal. 
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16. The apparatus of claim 1 wherein said flow tube 
means comprises a pair of substantially U-shaped 
tubes having substantially parallel longitudinal ax- 
es. 

1 7. The apparatus of claim 1 6 wherein said fibers are 
oriented parallel to a longitudinal axis of said u- 
shaped tubes and are positioned only on a high 
bending stress portion of the legs of each of said U- 
shaped tubes when vibrated in said drive direction; 

said fibers being effective to stiffen and raise 
the vibrational frequency in said drive direction of 
the portions of said tubes containing said fibers. 



stiffen and raise the vibrational frequency of said 
flow tube means in said drive direction. 

25. The apparatus of claim 21 wherein said fibers are 
5 aligned helically with respect to said longitudinal ax- 
is of said flow tube means. 

26. The apparatus of claim 1 wherein said apparatus 
further includes; 

10 a strain gauge affixed to a surface of said flow 

tube means; 

said strain gauge being responsive to internal 
pressure inside of said flow tube means to generate 
an output signal indicative of said internal pressure. 

15 



18. The apparatus of claim 17 wherein said fibers are 
positioned only on front and rear surfaces of said 
legs of said U-shaped tubes. 

19. The apparatus of claim 16 wherein said fibers are 
circumferentially oriented to encase the entirety of 
each of said U-shaped flow tubes; 

said circumferentially oriented fibers being ef- 
fective to increase the internal material pressure 
containment capabilities of each flow tube. 

20. The apparatus of claim 1 wherein said flow tube 
means comprises at least one partially curved tube. 

21. The apparatus of claim 1 wherein said flow tube 
means comprises at least one substantially straight 
flow tube. 

22. The apparatus of claim 21 wherein said fibers are 
oriented parallel to the longitudinal axis of said flow 
tube means on a high bending stress portion of said 
flow tube means when vibrated in said drive direc- 
tion; 

said fibers being effective to stiffen the portion 
of said flow tube means containing said axially ori- 
ented fibers and further being effective to raise the 
vibrational frequency of said flow tube means in 
said drive direction. 

23. The apparatus of claim 21 wherein said fibers are 
oriented circumferentially to encase said flow tube 
means for substantially the entire length of said flow 
tube means; 

said circumferentially oriented fibers being ef- 
fective to increase the internal material containment 
pressure that can be accommodated by said flow 
tube means. 

24. The apparatus of claim 23 wherein said flow tube 
means further includes fibers oriented parallel to the 
longitudinal axis of said flow tube means on a high 
bending stress portion of said flow tube means 
when vibrated in said drive direction; 

said parallel oriented fibers being effective to 



Patentanspriiche 

1. Durchflussmessgerat, das eine Durchflussrohren- 
20 einrichtung zum Aufnehmen eines flieBenden Ma- 
terials besitzt, wobei die Durchflussrohreneinrich- 
tung durch eine Antriebseinrichtung in eine An- 
triebsrichtung vibriert wird, wenn sie in Verwendung 
ist, und die in Abhangigkeit eines Materialflusses 

25 deformierbar ist, wahrend sie in der Antriebsrich- 
tung vibriert wird, wobei die Durchflussrohrenein- 
richtung ein hohles Element, versehen mit Fasern, 
orientiert in Bezug auf eine Langsachse der Durch- 
flussrdhreneinrichtung, aufweist, um kontrollierbar 

30 ausgewahlte Vibrations-Charakteristika der Durch- 
fiussrohreneinrichtung zu andern, 
dadurch gekennzeichnet, dass die Fasern um- 
fangsmaBig in Bezug auf die Langsachse der 
Durchfiussrohreneinrichtung orientiert sind, und/ 

35 oder spiralformig in Bezug auf die Langsachse der 
Durchfiussrohreneinrichtung ausgerichtet sind, 
und/oder parallel zu der Langsachse der Durch- 
fiussrohreneinrichtung an dem Bereich mit hoher 
Biegebeanspruchung der Durchflussrohreneinrich- 

40 tung in Bezug auf Vibrationen der Durchfiussroh- 
reneinrichtung in der Antriebsrichtung orientiert 
sind. 

2. Vorrichtung nach Anspruch 1 , wobei die Fasem um- 
45 fangsmaBig in Bezug auf die Langsachse der 

Durchfiussrohreneinrichtung orientiert sind und ef- 
fektiv dahingehend sind, die Innenmaterial- 
druck-Containment-Fahigkeit der Durchfiussroh- 
reneinrichtung zu erhohen. 

50 

3. Vorrichtung nach Anspruch 1 , wobei die Fasem, po- 
sitioniert an einem Bereich mit hoher Biegebean- 
spruchung der Durchfiussrohreneinrichtung, in Be- 
zug auf die Antriebsrichtungsvibrationen parallel zu 

55 der Langsachse der Durchfiussrohreneinrichtung 
orientiert sind, um die Vibrations-Charakteristika 
der Durchfiussrohreneinrichtung in der Antriebs- 
richtung zu andern. 
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4. Vorrichtung nach Anspruch 1 , wobei das hohle Ele- 
ment zylindrisch ist. 

5. Vorrichtung nach Anspruch 1 , wobei das hohle Ele- 
ment ein anisotropes Komposit-Material aufwelst, 
das die Fasern in einem Matrixmaterial eingebettet 
besitzt. 

6. Vorrichtung nach Anspruch 5, wobei die Fasern 
parallel zu der Langsachse der Durchflussrdhren- 
einrichtung orientiert sind, urn die Vibrations-Cha- 
rakteristika der Durchflussrdhreneinrichtung in der 
Antriebsrichtung zu andem. 

7. Vorrichtung nach Anspruch 6, wobei die Fasern 
gleichfdrmig in Bezug auf die Lange der Durchfluss- 
rdhreneinrichtung positioniert sind. 

8. Vorrichtung nach Anspruch 6, wobei die Fasern 
nicht gleichfdrmig entlang der Lange der Durch- 
flussrdhreneinrichtung positioniert sind, urn kontrol- 
lierbar die Vibrations-Charakteristika nur eines Be- 
reichs der Durchflussrdhreneinrichtung in der An- 
triebsrichtung zu andem. 

9. Vorrichtung nach Anspruch 5, wobei die Fasern urn- 
fangsmaBig in Bezug auf die Langsachse der 
Durchflussrdhreneinrichtung ausgerichtet sind; 
wobei die umfangsmaBig orientierten Fasern effek- 
tiv dabei sind, die Innendruck-Containment-Fahig- 
keit der Durchflussrdhreneinrichtung zu erhdhen. 



halt. 

13. Vorrichtung nach Anspruch 12, wobei die Fasern in 
einerauBeren Flache der auBeren Hulse eingebet- 

5 tet Oder daran befestigt sind. 

14. Vorrichtung nach Anspruch 13, wobei die innere 
Hulse (1005) aus einem festen Material gebildet ist. 

10 15. Vorrichtung nach Anspruch 14, wobei die innere 
Hulse Metall ist. 

16. Vorrichtung nach Anspruch 1, wobei die Durch- 
flussrdhreneinrichtung ein Paar von im Wesentli- 

15 chen U-fdrmigen Rohren aufweist, die im Wesent- 
lichen parallele, longitudinale Achsen haben. 

17. Vorrichtung nach Anspruch 16, wobei die Fasern 
parallel zu einer Langsachse der U-fdrmigen Rdh- 

20 ren orientiert sind und nur an einem Bereich mit ho- 
her Biegebeanspruchung der Schenkel jeder der U- 
fdrmigen Rohren positioniert sind, wenn sie in der 
Antriebsrichtung vibriert sind; 
wobei die Fasern effektiv dahingehend sind, die Vi- 

25 brationsfrequenz in der Antriebsrichtung der Berei- 
che der Rohren, die die Fasern enthalten, zu ver- 
steifen und anzuheben. 

18. Vorrichtung nach Anspruch 17, wobei die Fasem 
30 nur an vorderen und hinteren Flachen der Schenkel 

der U-fdrmigen Rohren positioniert sind. 



10. Vorrichtung nach Anspruch 9, wobei die Durch- 
flussrdhreneinrichtung weiterhin Fasern aufweist, 
die parallel zu der Langsachse der Durchflussrdh- 
reneinrichtung orientiert sind; die axial orientierten 
Fasern an Bereichen mit hoher Biegebeanspru- 
chung der Durchflussrdhreneinrichtung positioniert 
sind, urn kontrollierbar in der Antriebsrichtung die 
Bereiche der Durchflussrdhreneinrichtung zu ver- 
steifen, an den en die axial orientierten Fasern be- 
festigt sind, und urn die Vibrationsfrequenz der 
Durchflussrdhreneinrichtung in der Antriebsrich- 
tung zu erhdhen. 

1 1 . Vorrichtung nach Anspruch 1 , wobei die Fasern spi- 
ralfdrmig in Bezug auf die Langsachse der Durch- 
flussrdhreneinrichtung ausgerichtet sind, urn die 
Mate riald ruck-Containment- und vibrationsmaBi- 
gen Charakteristika der Durchflussrdhreneinrich- 
tung zu kontrollieren. 

1 2. Vorrichtung nach Anspruch 1 , wobei das hohle Ele- 
ment aufweist: 

eine innere Hulse; und 

eine auBere Hulse, gebildet aus einem aniso- 
tropen Komposit-Material, das die Fasern ent- 



19. Vorrichtung nach Anspruch 16, wobei die Fasem 
umfangsmaBig orientiert sind, um die Gesamtheit 

35 jeder der U-fdrmigen Durchf lussrdhren einzuhullen; 
wobei die umfangsmaBig orientierten Fasem effek- 
tiv dahingehend sind, die Innenmaterialdruck-Con- 
tainment-Fahigkeiten jeder Durchflussrdhre zu er- 
hdhen. 

40 

20. Vorrichtung nach Anspruch 1, wobei die Durch- 
flussrdhreneinrichtung mindestens eine teilweise 
gekrummte Rdhre aufweist. 

45 21. Vorrichtung nach Anspruch 1, wobei die Durch- 
flussrdhreneinrichtung mindestens eine im Wesent- 
lichen gerade Durchflussrdhre aufweist. 

22. Vorrichtung nach Anspruch 21 , wobei die Fasem 
so parallel zu der Langsachse der Durchflussrdhren- 
einrichtung an dem Bereich mit hoher Biegebean- 
spruchung der Durchflussrdhreneinrichtung orien- 
tiert sind, wenn in der Antriebsrichtung vibriert wird; 
die Fasern effektiv dahingehend sind, den Bereich 
55 der Durchflussrdhreneinrichtung, enthaltend die 
axial orientierten Fasern, zu versteifen, und weiter- 
hin dahingehend effektiv sind, die Vibrationsfre- 
quenz der Durchflussrdhreneinrichtung in der An- 
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triebsrichtung anzuheben. 

23. Vorrichtung nach Anspruch 21, wobei die Fasem 
umfangsmaRig orientiert sind, urn die Durchfluss- 
rohreneinrichtung fur im Wesentlichen die gesamte 
Lange der Durchflussrohreneinrichtung einzuhiil- 
len; 

die umfangsmaBig orientierten Fasem effektiv da- 
hingehend sind, den Innenmaterial-Containment- 
Druck zu erhohen, der durch die Durchflussrohren- 
einrichtung aufgenommen werden kann. 

24. Vorrichtung nach Anspruch 23, wobei die Durch- 
flussrohreneinrichtung weiterhin Fasern umfasst, 
die parallel zu der Langsachse der Durchflussroh- 
reneinrichtung orientiert sind, an einem Bereich mit 
hoher Biegebeanspruchung der Durchflussrohren- 
einrichtung, wenn in der Antriebsrichtung vibriert 
wird; 

die parallel orientierten Fasern effektiv dahinge- 
hend sind, die Vibrationsfrequenz der Durchfluss- 
rohreneinrichtung in der Antriebsrichtung zu ver- 
steifen und anzuheben. 

25. Vorrichtung nach Anspruch 21, wobei die Fasem 
spiralformig in Bezug auf die Langsachse der 
Durchflussrohreneinrichtung ausgerichtet sind. 

26. Vorrichtung nach Anspruch 1, wobei die Vorrich- 
tung weiterhin umfaGt: 

eine Spannungsmesseinrichtung, befestigt an 
einer Oberflache der Durchflussrohreneinrich- 
tung; 

wobei die Spannungsmesseinrichtung auf einen in- 
neren Druck innerhalb der Durchflussrohrenein- 
richtung anspricht, urn ein Ausgangssignal zu er- 
zeugen, das fur den Innendruck indikativ ist. 



Revendlcations 

1. Debitmetre ayant des moyens de tube d'ecoule- 
ment afin de recevoir une matiere en ecoulement, 
lesdits moyens de tube d'ecoulement etant amenes 
a vibrer par un dispositif d'entraTnement dans une 
direction d'entraTnement lors de I'utilisation et en 
etant defonmables en r6ponse a recoupment de la 
matiere tout en etant amenes a vibrer dans ladite 
direction d'entraTnement, lesdits moyens de tube 
d'ecoulement comportant un element creux pourvu 
de fibres orientees par rapport a un axe longitudinal 
desdits moyens de tube d'ecoulement afin de mo- 
difier de rnaniere pouvant etre commandee des ca- 
racteristiques vibratoires choistes desdite moyens 
de tube d'ecoulement, 

caracte>is6 en ce que lesdites fibres sont 
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orientees de rnaniere circonferentielle par rapport a 
I'axe longitudinal desdits moyens de tube d'ecoule- 
ment, et/ou sont alignees de rnaniere helicoTdale 
par rapport a I'axe longitudinal desdits moyens de 

5 tube d'ecoulement, et/ou sont orientees parallele- 
ment audit axe longitudinal desdits moyens de tube 
d'ecoulement sur une partie a contrainte de flexion 
elevee desdits moyens de tube d'ecoulement par 
rapport a des vibrations desdits moyens de tube 

10 d'ecoulement dans ladite direction d'entraTnement. 

2. Debitmetre selon ia revendication 1, dans lequel 
lesdites fibres sont orientees de rnaniere circonfS- 
rentielle par rapport a i'axe longitudinal desdits 

15 moyens de tube d'ecoulement et servent a augmen- 
ter la capacite de retenue de pression de matiere 
desdits moyens de tube d'ecoulement. 

3. Debitmetre selon ia revendication 1, dans lequel 
20 lesdites fibres placees sur une partie a contrainte 

de flexion elevee desdits moyens de tube d'ecoule- 
ment par rapport auxdites vibrations de direction 
d'entraTnement sont orientees paralieiement audit 
axe longitudinal desdits moyens de tube d'ecoule- 
25 ment afin de modifier les caracteristiques vibratoi- 
res desdits moyens de tube d'ecoulement dans la- 
dite direction d'entraTnement. 

4. Debitmetre selon la revendication 1 , dans lequel le- 
30 dit element creux est cylindrique. 

5. Debitmetre selon la revendication 1 , dans lequel le- 
dit element creux comporte une matiere anisotrope 
composite ayant lesdites fibres incorporees dans 

35 une matiere de matrice. 

6. Debitmetre selon fa revendication 5, dans lequel 
lesdites fibres sont orientees paralieiement audit 
axe longitudinal desdits moyens de tube d'ecoule- 

40 ment afin de modifier les caracteristiques vibratoi- 
res desdits moyens de tube d'ecoulement dans la- 
dite direction d'entraTnement. 

7. Debitmetre selon la revendication 6, dans lequel 
45 lesdites fibres sont positionnees de rnaniere unifor- 

me par rapport a la longueur desdits moyens de tu- 
be d'ecoulement. 

8. Debitmetre selon la revendication 6, dans lequel 
so lesdites fibres sont position n6es de rnaniere non 

uniforme sur la longueur desdits moyens de tube 
d'ecoulement afin de modifier de rnaniere comman- 
dee les caracteristiques vibratoires d'une partie 
seulement desdits moyens de tube d'ecoulement 
55 dans ladite direction d'entraTnement. 

9. D6bitmetre selon la revendication 5, dans lequel 
lesdites fibres sont alignees de rnaniere circonfe- 
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rentielie par rapport audit axe longitudinal desdits 
moyens de tube d'ecoulement ; 

lesdites fibres orientees de maniere ctrconfe- 
rentielle servant a augmenter la capacite de rete- 
nue de pression interne desdits moyens de tube 5 
d'ecoulement. 

10. Debitmetre seton la revendication 9, dans lequel 
lesdits moyens de tube d'ecoulement comportent 

en outre des fibres orientees parallelement audit 10 
axe longitudinal desdits moyens de tube d'ecoule- 
ment; 

lesdites fibres orientees axialement sont po- 
sitionnees sur des parties a contrainte de flexion 
elevee desdits moyens de tube d'ecoulement afin is 
de raidir de maniere commandee dans ladite direc- 
tion d'entramement les parties desdits moyens de 
tube d'ecoulement sur lesquelles lesdites fibres 
orientees axialement sont fixees et afin d'augmen- 
ter la frequence de vibration desdits moyens de tu- 20 
be d'ecoulement dans ladite direction d'entraine- 
ment. 

11. Debitmetre selon la revendication 1, dans lequel 
lesdites fibres sont alignees de maniere helicoTdale 25 
par rapport audit axe longitudinal desdits moyens 

de tube d'ecoulement afin de commander les ca- 
racteristiques de retenue de pression de matiere et 
de vibration desdits moyens de tube d'ecoulement. 

30 

1 2. Debitmetre selon la revendication 1 , dans lequel le- 
dit element creux comporte : 

une douille interieure; et 

une douille exterieure formee dans une matiere 35 
anisotrope composite contenant lesdites fibres. 

13. Debitmetre selon la revendication 12, dans leque! 
lesdites fibres sont noyees dans ou fixees sur une 
surface externe de ladite douille exterieure. 40 

14. Debitmetre selon la revendication 13, dans lequel 
ladite douille interieure (1005) est forntee dans une 
matiere pleine. 

45 

15. Debitmetre selon la revendication 14, dans lequel 
ladite douille interieure est en m6tal. 

16. Debitmetre selon la revendication 1, dans lequel 
lesdits moyens de tube d'ecoulement comportent so 
une paire de tubes sensiblement en forme de U 
ayant des axes longitudinaux sensiblement paral- 
lels. 

1 7. Debitmetre selon la revendication 1 6, dans lequel 55 
lesdites fibres sont orientees parallelement a un 
axe longitudinal desdits tubes en forme de U etsont 
positionn6es seulement sur une partie de contrain- 



te de flexion elevee des branches de chacun des- 
dits tubes en forme de U lorsqu'ils sont amenes a 
vibrer dans ladite direction d'entramement; 

lesdites fibres servant a raidir et Clever la fre- 
quence de vibration dans ladite direction d'entrai- 
nement des parties desdits tubes contenant lesdi- 
tes fibres. 

1 8. Debitmetre selon la revendication 1 7, dans lequel 
lesdites fibres sont posttionnees seulement sur les 
surfaces avant et arriere desdites branches desdits 
tubes en forme de U. 

19. Debitmetre selon la revendication 16, dans lequel 
lesdites fibres sont orientees de maniere circonfe- 
rentielle afin d'entourer I'integralite de chacun des- 
dits tubes d'ecoulement en forme de U; 

lesdites fibres orientees de maniere circonte- 
rentielle servant a augmenter les capacites de re- 
tenue de pression de matiere interne de chaque tu- 
be d'ecoulement. 

20. Debitmetre selon la revendication 1, dans lequel 
lesdits moyens de tube d'ecoulement comportent 
au moins un tube partiellement courbe. 

21. Debitmetre selon la revendication 1, dans lequel 
lesdits moyens de tube d'ecoulement comportent 
au moins un tube d'ecoulement sensiblement droit. 

22. Debitmetre selon la revendication 21 , dans lequel 
lesdites fibres sont orientees parallelement a I'axe 
longitudinal desdits moyens de tube d'ecoulement 
sur une partie de contrainte de flexion elevee des- 
dits moyens de tube d'ecoulement lorsqu'ils sont 
amenes a vibrer dans ladite direction d'entrame- 
ment; 

lesdites fibres servant a raidir la partie deadits 
moyens de tube d'ecoulement contenant les fibres 
orientees axialement et servant en outre a eiever la 
frequence de vibration desdits moyens de tube 
d'ecoulement dans ladite direction d'entramement. 

23. Debitmetre selon la revendication 21 , dans lequel 
lesdites fibres sont orientees de maniere circonte- 
rentielle afin d'entourer lesdits moyens de tube 
d'ecoulement sur sensiblement toute la longueur 
desdits moyens de tube d'ecoulement ; 

lesdites fibres orientees de maniere circonte- 
rentielle servant a augmenter la pression de rete- 
nue de matiere interne qui peut etre acceptee par 
lesdits moyens de tube d'ecoulement. 

24. Debitmetre selon la revendication 23, dans lequel 
lesdits moyens de tube d'ecoulement comprennent 
en outre des fibres orientees parallelement a I'axe 
longitudinal desdits moyens de tube d'ecoulement 
sur une partie de contrainte de flexion elevee des- 
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dits moyens de tube d'ecoulement lorsqu'ils sont 
amends a vibrer dans ladite direction d'entrame- 
ment; 

lesdites fibres orientees parallelement ser- 
vant a raidir et augm enter la frequence de vibration 5 
desdits moyens de tube d'ecoulement dans ladite 
direction d'entrainement. 

25. Debitmetre selon la revendication 21 , dans lequel 
lesdites fibres sont alignees de maniere h&icoi'dale w 
par rapport audit axe longitudinal desdits moyens 

de tube d'ecoulement. 

26. Debitmetre selon la revendication 1 , comprenant en 
outre : is 

une jauge de contrainte fix6e sur une surface 
desdits moyens de tube d'ecoulement; 
ladite jauge de contrainte etant sensible a la 
pression interne a Pinterieur desdits moyens de 20 
tube d'ecoulement afin de produire d'un signal 
de sortie indicatif de ladite pression interne. 
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